Pre-sintered Y-TZP sandblasting: effect on surface roughness, phase transformation, and Y-TZP/veneer bond strength Sandblasting is a common method to try to improve the Y-TZP/veneer bond strength of dental prostheses, however, it may put stress on zirconia surfaces 
Introduction
The employment of yttria-stabilized tetragonal zirconia (Y-TZP) by computer-aided design/computeraided manufacturing (CAD-CAM) systems is an accomplished approach to reduce the number of steps in prosthetic manufacturing. Moreover, Y-TZP presents properties such as fracture toughness 6 , strength 12, 22 , and biocompatibility 33 , which allow it to be employed as .
Ceramic veneers are applied to Y-TZP for esthetic reasons, and their effective bonding is needed for the long-term performance of all ceramic restoration 18, 35 .
A zirconia-feldspathic veneer has a 13% to 15% rate of failure for up to 5 years 26 . This clinical failure may be associated with chipping, cohesive within the feldspathic layer, or by delamination with adhesive failure at the zirconia-veneer interface 1, 10 . The each ceramic 12 , the resultant stress of temperature that varies at the Y-TZP/veneer interface 2, 13 , and poor thermal diffusivity 4 are factors, either isolated or in conjunction, that may be responsible for delamination (adhesive failures), which is the most common failure . Therefore, more aggressive mechanical abrasion methods are required, possibly the material 16, 21 .
Different surface treatments on Y-TZP were evaluated, mostly on the surface of post-sintered zirconia, such as sandblasting, mechanical grinding, silica coating, plasma spray treatment, liner, and laser-etching 7, 9, 17, 18, 27 . Sandblasting is a useful method, however, it may put stress on zirconia surfaces and accelerate tetragonal-to-monoclinic (t m) phase transformation 20 . A recent study 14 shows that sandblasting before (and not after) Y-TZP sintering improves surface roughness by over 500% and could improve the bonding strength of veneering ceramic.
Considering that the post-sintered surface treatments weaken the structure of zirconia, increasing the risk of fracture and zirconia damage, the use of pre-sintering surface treatment could be an important way to increase the strength of the zirconia-veneer interface. 
Shear Bond Test
Specimens (n=10) were subjected to a shear test with a universal testing machine with a load cell of 50 Kgf and a mechanical testing device with stainless steel tape that provided sliding between the two tested surfaces30 at a speed of 1 mm/min until fracture.
This device was developed by Ramos, et al. 23 (2014) to minimize bending stress. For that, stainless steel tape produced smaller tensile and compression forces on the interface, as described by Sinhoreti, et al. 
Failure mode analysis
The analysis of the Y-TZP/veneer interface was performed for all specimens with optical microscopy (Discovery V8 Stereo, Carl Zeiss Microimaging GmbH) a failure within either the zirconia or ceramic veneer was employed to describe the combination of these two types of failure.
Surface roughness
Surface roughness (n=3) was measured using confocal microscopy (Leica Microsystems, Wetzlar).
For each Y-TZP specimen, surface roughness was measured at three different locations, then these values were averaged to obtain the average surface roughness (Ra).
The 3D roughness of one specimen in each group was also analyzed by scanning electron microscopy.
Phase analysis 
Results
Shear Bond Test Figure 4 shows the results of the shear bond strength test. Z-PRE (7.94±2.52 MPa) and Z-POS (9.73±5.36 MPa) showed the highest strength, Surface roughness
The comparison of surface roughness is shown in Figure 7 . A comparison of the average surface that the Ra of Z-PRE is much greater than and The presence of surface irregularities generated in pretreatment ( Figure 9C ) indicates that the use of mechanical abrasion in pre-sintering methods microfractures that would reduce functional strength, and premature and catastrophic failure of material 21, 35 .
Porosity has a negative effect on the cohesive strength of the materials by reducing the pore cross-section area, through which a load is applied, acting as a stress Sandblasting is a useful tool to improve retention, however, it may put stress on zirconia surfaces 
